The polarization properties of extragalactic radio sources at frequencies higher than 20 GHz are still poorly constrained. However, their characterization would provide invaluable information about the physics of the emission processes and is crucial to estimate their contamination as foregrounds of the polarized cosmic microwave background (CMB) angular power spectrum on scales 30 arcmin. In this contribution, after summarizing the state-of-the-art of polarimetric observations in the millimetric wavelength bands, we present our observations of a complete sample of 53 sources with S 20 GHz > 200 mJy carried out with the Australia Telescope Compact Array between 5.5 and 38 GHz. The analysis clearly shows that polarization properties cannot be simply inferred from total intensity ones, as the spectral behaviors of the two signals are typically different.
The state-of-the-art in polarimetric observations
Bright extragalactic radio source samples are mostly associated to the nuclei of active galaxies. A widely held view is that their spectra result from a superposition of a number of compact regions of different sizes, self-absorbed at different frequencies (e.g. see Ref. 1 and Ref. 2 for a review), associated to knot-like Doppler-boosted structures along a relativistic jet, powered by the central nuclear activity. 3 The characterization of the total intensity emission for large samples of radio 2 VINCENZO GALLUZZI, MARCELLA MASSARDI source population is only a recent achievement, and still open to discussion. Widearea surveys are necessary to achieve statistics on the bright less numerous samples, while high sensitivity is needed to explore the faintest samples. Only the former were available in the catalogs extracted from full-sky maps from satellite missions like WMAP (with a completeness limit of ≃ 1 Jy at 23 GHz 4-7 ) and Planck (with a completeness limit of ≃ 500 mJy at 30 GHz 8 ). New broad-band correlators made high sensitivity available for interferometric observations up to the mm and sub-mm regimes, allowing wide-area deep surveys to be carried out also from the ground at frequencies above ∼ 10 GHz. Thus, the Australia Telescope 20 GHz (AT20G) Survey 9, 10 covered the full Southern sky with 91% completeness above 100 mJy and 79% completeness above 50 mJy in regions south of declination −15
• . By combining the ground-and satellite-based instrumental capabilities, several authors [11] [12] [13] [14] recently provided a broad-band view of the total intensity emission of the bright radio source population: it seems to be dominated by relatively young compact objects. A double power-law model is adequate to describe spectral behaviors for more than 2 decades in frequency: this indicates that a single dominant component is responsible for the (typically optically thin) emission above ∼ 30 GHz. Emission is typically variable: objects brighter than 500 mJy (at 20 GHz) on average vary their flux density (at 20 GHz) more than 6% over a 6 months lag, and the rate grows with frequency.
The study of the polarized emission both in frequency and space would help describing the dynamics of the jets. Synchrotron emission of each component is intrinsically highly linearly polarized 15 (up to 70 − 80%) but typically observed integrated polarized fractions for compact extragalactic radio sources are rarely as high as ∼ 10%. They are, in fact, the result of vector averaging along the line of sight (depolarization is mostly induced by differential Faraday rotation), 16 within the observing resolution element (in this case unresolved magnetic sub-structures cause depolarization), and within the band of the polarized components emission. Hence, polarimetric observations typically still constitute an observational challenge because of the requested high sensitivity, calibration accuracy, and the detailed knowledge of instrumental properties and systematics (see Massardi et al. in this volume). Table 1 lists some of the available multi-frequency compilations, surveys and complete samples follow-up that include polarimetric information: it does not claim to be an exhaustive picture and aims to trace the basic references in the following discussion.
For the above mentioned reasons, our current knowledge of polarimetric properties of radio sources mostly rely on < 10 GHz selected samples including the NVSS survey 26 that covered the full sky above −45
• , remaining complete down to 2.5 mJy in total intensity and with σ P ∼ 0.2 mJy in polarized emission.
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The polarization of WMAP sources has been investigated by López-Caniego et al. The full AT20G catalog 9, 10 includes the 20 GHz polarized intensity for 768 sources, 467 of which also have simultaneous polarization detections at 5 and/or 8 GHz, out of a total of 5890 sources. The detection limit is defined as max(3 σ, 0.01S 20 GHz , 6 mJy). Sadler et al. (2006, Ref. 39) presented polarization measurements for a sample of 173 AT20G sources brighter than S 20 GHz = 100 mJy: 129 (≃ 75%) were detected at 20 GHz, with a median fractional polarization of 2.3%. Massardi et al. (2008, Ref. 11 ) discussed the polarization properties of the AT20G bright sample (S 20 GHz ≥ 500 mJy), finding 213 polarization detections (≥ 3 σ) at 20 GHz out of a total of 320 sources (≃ 67%), with a median fractional polarization of 2.5% at 20 GHz (confirmed also by Refs. 34, 36) . The spectral indices in total intensity and in polarization were found to be similar on average, but there were several objects for which the spectral shape of the polarized emission is substantially different from the spectral shape in total intensity. Several studies of radio source polarization, mostly for samples selected at 1.4 GHz and dominated by steep-spectrum objects, have reported indications that the polarization degree increases with decreasing flux density. typically < 5%, although in some cases they are measured to be up to ≃ 20%. They find indications of increasing polarization fraction with frequency (confirmed also by Ref. 45 
Finally, it has been argued that the ordering of magnetic fields should increase in the inner regions, giving a higher polarization degree at higher frequency, 41 while Faraday depolarization should affect more the lower frequency observations. However, it seems clear that extrapolations from low frequencies (< 20 GHz) or from total intensity emission are inadequate to model the radio source contribution in CMB polarization maps (see Ref. 46 ) and that future surveys will benefit CMB polarization experiments by statistically characterizing radio source populations down to lower flux density limits. On the one hand, in fact, foreground sources are expected to be the most relevant contaminant of the CMB angular power spectrum for angular scales up to ∼ 30 arcmin in the 70 − 100 GHz frequency range, where Galactic foregrounds (Galactic synchrotron and thermal dust emissions) are, instead, at a minimum. On the other hand, radio mm-band facilities have reached so far sensitivities that, in principle, are useful to constraining models that predict cosmic polarization rotation (CPR), as a result of violations of fundamental principles (such as the Einstein Equivalence Principle, the Lorentz Invariance or the CPT symmetry), [47] [48] [49] at the same level or even better than constraints coming from CMB observations. 50 Furthermore, multi-steradian samples of high frequencyselected polarized sources are also important for identifying suitable calibrators for CMB polarimetric experiments and upcoming millimeter-wave telescopes. See Massardi et al. in this volume for a short review about the role of radio sources in polarimetric cosmological investigations.
Broad frequency range and multi-epoch observations of low flux density-limited samples are now needed to complement the view of radio source population properties in polarization and provide samples useful for cosmological studies, like those that are being carried out in the framework of the Planck-ATCA Co-eval Observations project 14 for a S 20 GHz > 200 mJy sample selected in the AT20G catalog. The project is briefly summarized in the following section.
The Planck-ATCA Co-eval Observations project
The Planck-ATCA Co-eval Observations (PACO, Refs. in 51, 52, 53, 14) project, carried out with the Australia Telescope Compact Array (ATCA), observed 464 objects drawn from the Australia Telescope survey at 20 GHz (AT20G, Refs. in 9, 10) between 4.5 and 40 GHz (below and overlapping with the two lower Planck frequency bands) in 65 epochs during the period July 2009-August 2010, corresponding to the first two sky surveys of the satellite nominal mission. Source were scheduled for ATCA and Planck observations to occur within 10 days of each other in order to minimize source variability effects. The sample is made of 3 partially 6 VINCENZO GALLUZZI, MARCELLA MASSARDI overlapping sub-samples, namely the bright sample (S 20 GHz > 500 mJy), the faint sample (S 20 GHz > 200 mJy) and the spectrally-selected sample, plus one of potentially strongly variable objects identified among the ATCA calibrators database.
The main goal of the project was to characterize the radio source population observed by the Planck satellite down to well below its detection limits (down to a factor of 5) in a broad frequency range and on different epochs. Thanks to the combination of ATCA and Planck detected flux densities, we reconstructed the spectral properties of the sources in the 5 − 217 GHz frequency range. The vast majority (≃ 91 %) of the sources show a remarkably smooth spectrum, well described by a double power law over the whole range. This translates in several compact objects showing a peaked spectrum with an optically thin steep behavior for frequencies 30 GHz, probably associated to recently emitted components. This turns at odds with the criterion, well established at cm-wavelengths, according to which flat spectra are usually associated to compact sources while steep emitted synchrotron is indicative of extended sources. No further synchrotron break is observed at high frequencies. Assuming a continuous injection model, 54, 55 our finding can be considered an indication that the sources are young, i.e. τ syn no more than 10 3−4 yr. 
Polarimetric follow-up
In September 2014 a high sensitivity (σ P ≃ 0.2 mJy) polarimetric observation in 3 correlator spectral setups (that allow 2 × 2 GHz simultaneous bands centered at 5.5 − 9, 18 − 24 and 33 − 38 GHz) was performed with ATCA (Massardi, project C2922) for a complete sub-sample of 53 extragalactic compact radio sources of the faint (S 20 GHz > 200 mJy) PACO sample, 52 covering the Southern Ecliptic Pole region (ecliptic latitude < −75
• ). The choice of the region of the sky was motivated in PACO project by the Planck scanning strategy, which gives maximum sensitivity near the ecliptic poles.
The array configuration was the H214, an hybrid with a nominal spatial resolution (≃ λ/b max ) that spans from 8 to 55 arcsec for the observed frequencies.
a All the objects in the sample are point-like.
The project was allocated in 12 h (i.e. ≃ 4 h per band, including overheads and calibration), during which weather conditions were very good. Every object has been observed for each spectral setup at least for 2 × 1.5 min cuts, that is estimated to be enough to reach the theoretical noise level of 0.2 mJy in polarized emission.
Data reduction was performed with MIRIAD software following standard polarimetric calibration procedures.
b The outcome are high sensitivity spectral profiles in total intensity and polarization (some of them are reported in Fig. 1 , together with past PACO and AT20G observations available). The detection rate in polarization is about 90% at 5 σ.
a Indeed, taking into account the longest baseline with the sixth antenna (≃ 4.5 Km) the spatial resolution spans from 0.4 to 2.5 arcsec but in this case the achievable sensitivity is reduced. b According to ATCA Users' Guide: www.narrabri.atnf.csiro.au/observing/users guide.
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Similar to what was found in past analysis, about 96% of the objects total intensity behavior can be fitted with a double power law. Polarimetric spectra, instead, typically show a different and sometimes more complex behavior with respect to total intensity (see Fig. 1 ), in agreement with Massardi et al. findings (2013, Ref. 37) . As found in total intensity, a steepening of spectra is observed at higher frequencies both in total intensity and in polarization. The median fractional polarization is ≃ 2.1% at 18 GHz (in agreement with Refs. 39, 11, 36) . A tiny trend with frequency is observed for the whole sample (see Fig. 2 ). A comprehensive analysis of the data, including spectral classifications and source counts in polarization will be presented in a future paper (Galluzzi et al., in preparation) .
The project will be complemented by a second observational session scheduled with ATCA in March 2016 to observe 106 sources in the faint PACO sample with ecliptic latitude < −65
• (i.e. including the 53 already observed in the previous epoch) at all the already observed frequencies and to extend down to ≃ 2 GHz, and by an ALMA Cycle-3 project, accepted with high-ranking, to re-observe a complete sub-sample of 31 objects at ≃ 100 GHz, that will provide interesting hints for cosmological applications, as described in Massardi et al. (this volume).
Cosmological outreach
As already stressed in the first section, extrapolations from low frequencies (< 20 GHz) are inadequate to model the radio source contribution in CMB polarization maps 46 and future surveys will benefit CMB polarization experiments by statistically characterizing radio source populations, as those proposed in our ALMA-Cycle 3 proposal. Moreover those stable, brighter and highly polarized sources of our sample are potentially of interest as calibrators for many ground-based facilities looking for primordial B-modes in the CMB angular power spectrum or cosmic polarization rotation, for which a clear detection has not been claimed so far and available upper limits are about 1
• . 49 Indeed, recently the POLARBEAR Collaboration reports for the first time a sub-degree upper limit (see Ref. 50 ). From our data we can assess a total error on polarization angle of ≃ 3
• , by assuming that the calibration error for polarized fluxes (estimated ≃ 10%) is equally distributed among Stokes parameter Q and U . However, recent measurements of polarization angles performed with VLA and ATCA are found to be in agreement within ±2
• , 59 which is a current conservative estimate of the absolute calibration error on this quantity.
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